Introduction
Hypernatremia is a relatively common electrolyte disorder seen in neurological intensive care and constitutes a state where serum sodium is higher than 145 mmol/l. [1] [2] [3] Hypernatremia due to various causes presents with diverse neurological manifestations, predominantly encephalopathy which can range from impaired cognition to deep coma. 4 Rapid correction of hyponatremia commonly leads to central pontine and extrapontine myelinolysis which can be associated with neurological complications. Myelinolysis, however, rarely occurs due to hypernatremia. 5 Osmotic myelinolysis due to spontaneous postpartum hypernatremia has been reported where predominantly extra-pontine lesions were revealed on magnetic resonance imaging (MRI). 6 Distribution of these MRI abnormalities is different from the osmotic demyelination syndrome due to hyponatremia. 7 We report a rare case of postpartum hypernatremic encephalopathy associated with serum sodium levels as high as 171 mmol/l which developed due to social custom of restricting water intake during the postpartum period. A written informed consent for patient information and images to be published was provided by the patient. Ethical committee approval was obtained for publication of this report.
Case report
A 24-year-old female, primipara, delivered a healthy female baby by emergency caesarean section for transverse lie. Postpartum, she had decreased appetite with generalized weakness. She was on restricted intake of water but was lactating well for at least 3 weeks, when she started developing progressive weakness, nasal twang in voice, dizziness and tendency to fall with gradually progressive generalized slowing of movement. There was no history of fever, seizures, headache, visual complaints, tremors or any substance abuse. There was also no history of any chronic medical or surgical illness in the past. Antenatal history was uneventful. She was investigated in a hospital outside and was found to have serum sodium 171 mmol/l a day prior to coming to our hospital.
On examination, patient was conscious, confused and not following commands. Her pulse rate was 82/min and blood pressure 114/64 mmHg. Neurological examination showed mini-mental state examination (MMSE) score: 20 points, nasal voice, dysarthria, absent gag reflex, gaze evoked nystagmus, bradykinesia, muscle power of grade 3/5 and brisk reflexes in all four limbs with plantars bilaterally flexor. Examination of chest, CVS and abdomen was unremarkable.
Investigations showed haemoglobin 10.91 g/dl, white blood cell count 12,000/cumm, platelet count 65,000/ cumm, PCV 35.48%, ESR 36 mm in first hour and microcytic hypochromic anaemia with moderate thrombocytopenia.
Biochemical investigations showed random blood sugar 112 mg/dl, serum sodium 162.44 mmol/l, potassium 3.5 mmol/l, BUN 22 mg/dl, serum creatinine 0.75 mg/dl, total bilirubin 1.04 mg/dl, ALT 35 IU/L, AST 40 IU/L and CPK 161 U/L on day 0. Thyroid profile and INR were normal. Serum osmolality was 338 mosm/l, spot urinary sodium 139.36 mmol/l and urinary osmolality 291 mosm/kg. Chest X-ray was normal. MRI head showed bilateral symmetrical hyperintensities in middle cerebellar peduncle and parietal lobe and in the body and splenium of corpus callosum, suggestive of extra-pontine myelinolysis (Figures 1-6 ).
In view of MRI findings and hypernatremia, management was initiated on line of extra-pontine myelinolysis secondary to postpartum hypernatremia. Plain water 150 ml fourth hourly was started through the Ryle's tube. Total fluid intake was kept between 2.5 and 3 litres per day.
Serum sodium levels fell down from 162.44 mmol/l to 153 mmol/l over next 24 hours (day 1) and to 147 mmol/l over the next 24 hours (day 2) and her urine output increased up to 4 litres/day, though there was no improvement in the symptoms. On Day 3 of hospital stay, serum sodium was 144.54 mmol/l but patient's neurological status further deteriorated, her muscle power became grade 0/5 in all four limbs with hypotonia. EEG was done which revealed bilateral intermittent slowing and delta waves. In view of EEG findings and extra-pyramidal features, the patient was started on trihexiphenidyl (Pacitane), a centrally acting anti-cholinergic drug in a dose of 2 mg twice daily through Ryle's tube (day 4).
The patient improved neurologically over the next 24 hours with 3 doses of Pacitane (day 5). Her power improved to grade 4/5 in all four limbs (day 6) and to grade 5/5 the next day (day 7). Over this period of time, gradual correction in her serum sodium levels had also been achieved and value of 139.82 mmol/l was obtained (day 8). EEG was repeated after 6 days which showed improvement with appearance of alpha waves and disappearance of delta waves. Patient was then discharged in a clinically stable condition.
Patient visited the Medicine OPD after 15 days of discharge. At that time, her serum sodium and potassium levels were normal (Na 137.8 mmol/l, K 4.18 mmol/l) and there was no neurological deficit.
Discussion
Hypernatremia is fairly uncommon in the postpartum period. Hypernatremia is a potentially lethal condition which can lead to encephalopathy, rhabdomyolysis, and osmotic demyelination. Only 12 patients have been reported previously with postpartum hypernatremia and extra-pontine myelinolysis. 6, 8 An otherwise healthy female developing such a high sodium level during postpartum period is unusual though during pregnancy, the metabolic clearance of arginine vasopressin (AVP) is increased three-to fourfold due to placental production of a N-terminal peptidase and decreased secretion of AVP or increased clearance of AVP can lead to Diabetes insipidus which leads to hypernatremia. Our case had restricted water intake during postpartum period which is a custom in some parts of India, 9 but is not recognized as a factor leading to hypernatremia and inherent complications.
The neurological manifestations of hypernatremia are mainly confusion, seizures, delirium and varying degrees of depression of consciousness ending in deep coma. 1 Our patient had the neurological manifestations of hypernatremia as evidenced by a confused state and bradykinesia.
Hypernatremia induced during experimental work in laboratory animals has been shown to lead to cellular damage and myelinolysis. 10, 11 Cerebral MR spectroscopic study performed in a patient with hypernatremia showed an increase in the osmolytes comprising myoinositol, choline, creatine and glutamate. 12 The concentration of these osmolytes decreases with gradual fall in serum sodium levels. Rapid correction of hypernatremia in the presence of increased cerebral organic osmolytes can lead to rapid intracellular shift of water and cerebral oedema causing clinical deterioration. 13 Hyperintensity of the splenium has been observed in encephalitis, epilepsy, hypernatremia and systemic malignancy. Isolated corpus callosum hyperintensities were described in other conditions like rotavirus infection, 14 epilepsy, encephalitis, malignancies, 15 status epilepticus, 16 and haemolytic uremic syndrome. 17 'Wine-glass' appearance has been observed in patients with hypernatremic myelinolysis which comprises extensive symmetrical T2, FLAIR and DWI hyperintensities of white matter, internal capsule through midbrain and pons to middle cerebellar peduncle. 18 Cerebral shrinkage constitutes one of the features in imaging studies and is reversible with correction of dehydration and hypernatremia. 19 Our findings of bilateral symmetrical hyperintensities in extra-pontine region on MRI scan were suggestive of extra-pontine myelinolysis in our case and are in agreement with previous reports. It is likely that postpartum 
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The Neuroradiology Journal 30 (1) hypernatremia observed in our case led to hyperosmolar state with resultant extra-pontine myelinolysis. Acute demyelination associated with cytotoxic oedema due to rapid correction of hypernatremia may also be responsible for the MRI abnormalities. However, chances of extra-pontine myelinolysis caused by rapid correction of hypernatremia are remote as MRI findings were present on the first day of presentation when the steps for correction of hypernatremia had not been initiated.
The mortality observed in previous series was 36.3%. 6 However, our patient survived the illness with full recovery which implies that slow lowering of serum sodium and judicious management of hypernatremia-induced changes in such cases may improve the prognosis. Moreover, the practice of restricting water during postpartum period needs to be discouraged to avoid the development of inherent complications like hypernatremia which may lead to extra-pontine myelinolysis rarely. In such an unusual setting, neuroimaging findings can be vital in establishing the diagnosis of hypernatremic encephalopathy.
